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We present a measurement of theW boson production charge asymmetry in pp̄ → W+X → eν+X
events at a center of mass energy of 1.96 TeV, using 9.7 fb−1 of integrated luminosity collected
with the D0 detector at the Fermilab Tevatron Collider. The neutrino longitudinal momentum is
determined using a neutrino weighting method, and the asymmetry is measured as a function of
the W boson rapidity. The measurement extends over wider electron pseudorapidity region than
previous results, and is the most precise to date, allowing for precise determination of proton parton
distribution functions in global fits.

PACS numbers: 13.38.Be, 13.85.Qk, 14.60.Cd, 14.70.Fm

At the Fermilab Tevatron Collider, production of W±

bosons is dominated by the annihilation of valence quarks
in the proton (u, d) and antiproton (d̄, ū). The primary
modes of production are u+ d̄ → W+ and ū+ d → W−.
In the proton and antiproton, the u (ū) quark gener-
ally carries more momentum than the d̄ (d) quark, thus
W+ bosons are boosted in the proton direction, and
W− bosons in the antiproton direction [1–3]. The differ-
ence between u and d quark parton distribution functions
(PDFs) results in a charge asymmetry in the W boson
rapidity (yW ), defined as

A(yW ) =
dσW+/dyW − dσW−/dyW
dσW+/dyW + dσW−/dyW

. (1)

Here, dσW±/dyW is the differential cross section for
W± boson production, and yW is the W± boson rapidity,
defined as

yW =
1

2
ln

E + pz
E − pz

, (2)

∗with visitors from aAugustana College, Sioux Falls, SD, USA,
bThe University of Liverpool, Liverpool, UK, cDESY, Hamburg,
Germany, dUniversidad Michoacana de San Nicolas de Hidalgo,
Morelia, Mexico eSLAC, Menlo Park, CA, USA, fUniversity Col-
lege London, London, UK, gCentro de Investigacion en Computa-
cion - IPN, Mexico City, Mexico, hUniversidade Estadual Paulista,
São Paulo, Brazil, iKarlsruher Institut für Technologie (KIT) -
Steinbuch Centre for Computing (SCC), D-76128 Karlsrue, Ger-
many, jOffice of Science, U.S. Department of Energy, Washington,
D.C. 20585, USA and kAmerican Association for the Advancement
of Science, Washington, D.C. 20005, USA.

where E and pz are the energy and the longitudinal mo-
mentum of the W boson, with the z axis along the proton
beam direction.

Previously published results include both lepton (from
the W boson decay) and W boson charge asymmetries.
The lepton charge asymmetry arises from the convolution
of theW boson asymmetry and the V −A structure of the
W boson decay. This implies that leptons at a specific
rapidity originate from a wide range of W rapidities, and
therefore from a wide range of parton x values (where
x is the fraction of momentum of the proton carried by
the parton), diluting the impact of these asymmetries
when determining PDFs. The lepton charge asymmetry
in W boson decays has been measured by the CDF [4–6]
and D0 [7, 8] Collaborations. The latest lepton charge
asymmetry measurement from the D0 Collaboration was
performed in the W → µν muon channel using data cor-
responding to 7.3 fb−1 of integrated luminosity [9]. The
lepton charge asymmetry has also been measured at the
Large Hadron Collider (LHC) in pp collisions by the AT-
LAS [10] and CMS [11] Collaborations using integrated
luminosities of 0.03 fb−1 and 0.84 fb−1, respectively. A
direct measurement of the W boson charge asymmetry
was performed using 1 fb−1 of integrated luminosity by
the CDF [12] Collaboration.

The analysis presented in this Letter uses the W →
eν decay mode, and employs the neutrino weighting
method [13]. In addition, this W boson charge asymme-
try analysis uses ten times more integrated luminosity
and covers much larger rapidity range than the previous
CDF result [12]. We use data corresponding to 9.7 fb−1

of integrated luminosity [14] collected with the D0 de-
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tector [15, 16] between April 2002 and September 2011.
By extending the pseudorapidity coverage, we can pro-
vide information about the PDFs for a broader range of
x (0.002 < x < 0.99 for electron pseudorapidity |ηe| <
3.2 [17]) at Q2 ≈ M2

W , where Q2 is the squared mo-
mentum scale for the parton interactions, and MW is
the W boson mass. The W boson charge asymmetry
result places stringent constraints on the PDFs of va-
lence quarks, which in turn will significantly reduce the
uncertainty on the measurements of MW and on other
measurements at the Tevatron and LHC.

The D0 detector [15, 16] comprises a central tracking
system, a calorimeter and a muon system. The central
tracking system consists of a silicon microstrip tracker
(SMT) and a scintillating fiber tracker (CFT). The CFT
provides coverage for charged particles at detector pseu-
dorapidities of |ηdet| < 1.7. Three liquid argon and ura-
nium calorimeters provide coverage of |ηdet| < 3.5 for
electrons: the central calorimeter (CC) up to |ηdet| < 1.1,
and two end calorimeters (EC) in the range 1.5 < |ηdet| <
3.5. Gaps between the cryostats create an inefficient elec-
tron detection region between 1.1 < |ηdet| < 1.5 that is
excluded from the analysis. Each calorimeter consists
of an inner electromagnetic (EM) section, followed by
hadronic sections.

Events used in this analysis were collected with a
set of calorimeter-based single-electron triggers. To se-
lect W → eν events, we require one EM shower with
transverse energy will respect to the beam 25 < ET <
100 GeV measured in the calorimeter, accompanied by
large missing transverse energy of /ET > 25 GeV. /ET

is estimated by the vector sum of the transverse com-
ponents of the energy deposited in the calorimeter (uT )
and the electron ET . An isolation requirement is im-
posed on the electron candidate, which is also required
to have a significant fraction of its energy deposited in
the EM calorimeter, compared to that deposited in the
hadron calorimeter. Candidates in the CC must be in the
range |ηdet| < 1.1, and those in the EC must be within
1.5 < |ηdet| < 3.2, to allow a precise measurement of elec-
tron energy. The shower shape [18] must be consistent
with that expected for an electron, and the candidate is
required to be spatially matched to a reconstructed track.
Because the CFT detector does not cover the entire ηdet
region used in the analysis, electron selection criteria are
separately defined in four categories: CC electrons with
full CFT coverage, EC electrons with full CFT coverage,
EC electrons with partial CFT coverage, and EC elec-
trons without CFT coverage. Events are further required
to have the reconstructed pp̄ interaction vertex located
within 40 cm of the detector center along the z axis, a re-
constructed W boson transverse mass (MT ) between 50
and 130 GeV, where MT =

√

2ET /ET (1 − cos∆φ), and
∆φ is the azimuthal angle between the electron and /ET ,
uT less than 60 GeV, and SET less than 250 or 500 GeV
depending on the data collection period, where SET is

the scalar sum of all transverse energies measured by the
calorimeter except those energies associated with elec-
trons or with potential noise, reflecting the total activity
in the event.

After applying the selection criteria described above,
we retain 6,083,198 W boson candidates. Of these,
4,466,735 are events with the electron in the CC region,
and 1,616,463 with the electron in the EC region. We
have checked that the asymmetry results for yW > 0 are
consistent with those for yW < 0, so we assume CP in-
variance, i.e., A(yW ) is equivalent to −A(−yW ), and fold
the data appropriately to increase the statistics in each
yW bin. The forward-backward charge asymmetries are
measured in 14 bins of yW in the range |yW | < 3.2. The
bin widths are chosen considering the sample size and the
detector geometry to ensure that high |yW | bins retain
sufficient statistics.

Mismeasurement of the charge sign of the electron may
result in a dilution of the W boson charge asymme-
try. We measure the charge misidentification rate with
Z → ee events, using a “tag-and-probe” method [19].
The tag electron must satisfy tight selection criteria to
ensure its charge is determined correctly. The charge
misidentification rate varies from (0.18±0.01)% at |ηe| =
0 to (9.6 ± 0.9)% at |ηe| = 3.0, where tracking mo-
mentum resolution is poor. The direction of the D0
solenoid magnetic fields was reversed during data taking
every two weeks on average, significantly reducing the
charged particle reconstruction asymmetry in the detec-
tor, thus the charge misidentification rates of electrons
and positrons are consistent for different magnet polari-
ties. At |ηe| = 3.0, the charge misidentification rates are
(9.4± 1.3)% for electrons and (9.8± 1.3)% for positrons,
and are also consistent with each other at other |ηe| val-
ues.
Monte Carlo (MC) samples for the W → eν process

are generated using the pythia [20] event generator with
CTEQ6L1 PDFs [21], followed by a geant-based sim-
ulation [22] of the D0 detector. This simulation is then
corrected for higher-order effects not included in pythia.
The MC events are reweighted at the generator level in
two dimensions (W boson transverse momentum, pWT ,
and yW ) to match resbos [23] predictions. To improve
the accuracy of the MC detector simulation, further cor-
rections are applied to the MC including electron en-
ergy scale and resolution, recoil system scale and reso-
lution, selection efficiencies, trigger efficiencies, instanta-
neous luminosity and SET, charge misidentification, and
relative efficiency for identification of positrons and elec-
trons (K±

eff ). These corrections are derived by compar-
ing the Z → ee data and pythia MC distributions. Due
to imperfections in the modeling of the tracking detec-
tor, differences between the efficiency for electrons and
positrons vary from 0.0% at |ηe| = 0 to 1% at |ηe| = 3.0.
The dominant source of background originates from

multijet events, with one jet misreconstructed as an elec-



5

tron and with significant /ET due to the mismeasurement
of the jet energy. Smaller background contributions arise
from other SM processes and are estimated using pythia

MC samples normalized to the highest order available
cross sections [24]. These include W → τν events where
the tau decays to an electron and neutrinos, Z → ee
events where one of the electrons is not identified, and
Z → ττ events with one tau decaying to an electron and
the other not identified. The multijet background is esti-
mated using collider data by fitting the MT distribution
in the region 50− 130 GeV (after other SM backgrounds
have been subtracted) to the sum of the shape predicted
by the W → eν signal MC and the shape obtained from
a multijet-enriched data sample. The multijet-enriched
sample is selected by reversing the shower shape require-
ment on the electron candidates. The background contri-
butions are determined as a function of yW , and average
contribution are 4.0%multijet events, 2.6% Z → ee, 2.2%
W → τν, and 0.2% Z → ττ .

In the determination of the longitudinal momentum of
the neutrino (pνz ) [13], MW is fixed to the world average
value of 80.385 GeV [25]. The mass-energy relation con-
straint using the energy and momentum of the neutrino
and electron:

M2
W = (Ee + Eν)

2 − ( ~Pe + ~Pν)
2, (3)

implies that there are two solutions in pνz . The two-fold
ambiguity can be partly resolved on a statistical basis
from the known V − A decay distribution using the de-
cay angle between the electron and the proton (θ∗), and
from the W+ and W− production cross sections as a
function of yW . As expected, many off-shell W boson
decays do not satisfy the M2

W constraint. In this case,
we obtain complex values for the pνz , assume that the
neutrino transverse momentum (pνT ) is misreconstructed,
and therefore scale /ET to the value for which the imagi-
nary part equals zero. This new /ET value is then used to
determine pνT and therefore yW . To obtain the W boson
rapidity distributions, we assign different probabilities to
the two pνz solutions. This probability is related to the
quark and antiquark W± boson production by

P±

(

cos θ∗, yW , pWT
)

= (1∓ cos θ∗)
2
+

Q
(

yW , pWT
)

(1± cos θ∗)
2
, (4)

where P±

(

cos θ∗, yW , pWT
)

is the probability for W boson
production with a particular cos θ∗, yW , and pWT . The
first term in Eq. 4 represents the contribution from anni-
hilation with two quarks, and the second term the con-
tribution from annihilation with at least one antiquark.
The ratio Q

(

yW , pWT
)

between quark and antiquark W
boson production is a function of W boson rapidity and
transverse momentum. At the Tevatron, the W boson
production contribution from antiquark and gluons is ∼
10%.

Understanding the antiquark contribution is impor-
tant for the asymmetry measurement because W bosons
produced by antiquarks have opposite polarization from
those produced by quarks. The ratio of antiquark to
quark W boson production is determined by the angu-
lar distribution of W → eν decays. We use the predic-
tion of the fractions of antiquark to quark contributions
from MC@NLO [26], using the CTEQ6.6 PDF set, and
parametrize the angular distributions as functions of yW
and pWT , using an empirical function to fit the ratio.
We use both P± and the differential cross section

dσ±

W /dyW to define weights as in Eq. 5. The W boson
production cross section decreases in the forward region
due to the scarcity of high-x quarks, and so solutions
leading to a central W production are weighted more
heavily than forward W solutions. The weight factors wi

for W+ and W− are

w±

i =
P±

(

cos θ∗i , yi, p
W
T

)

dσ± (yi) /dyW
∑

i

P±

(

cos θ∗i , yi, p
W
T

)

dσ± (yi) /dyW
, (5)

where i = 1, 2 are the two solutions. We use the predicted
differential cross section dσ±

W /dyW at next-to-next-to-
leading order (NNLO) [27] as input when calculating the
weight factors for each neutrino pνz solution. We iterate
by updating values of dσ±

W /dyW to those obtained using
the weight factor. This procedure converges after three
or four iterations.
To measure the W boson charge asymmetry, we ap-

ply unfolding corrections to the measured W+ and W−

distributions to correct detection effects. The matrix in-
version method [28] is used to correct for event migra-
tion effects. First, the product of acceptance and effi-
ciency is applied to each bin to correct for the event se-
lection effects, and the K±

eff correction is used to equalize
the efficiency response between electrons and positrons.
The migration matrices are obtained using the number
of events in both the generator level yW bin j, and the
reconstruction level yW bin i, divided by the number of
events in the reconstruction level yW bin i. The mi-
gration matrices provide information about the relation
between events selected at reconstruction level and the
original events at generator level, and are used to correct
the data for detector resolution effects. The procedure is
validated using events generated with MC@NLO, where
we find good agreement between the unfolded and the
generated W boson charge asymmetry.
The primary systematic uncertainties on asymmetry

come from the unfolding procedure including the uncer-
tainties from the event migration correction, the accep-
tance and efficiency correction, and from the PDF in-
puts (fractional uncertainty, [1.1–5.0]×10−3). To esti-
mate the uncertainty from the PDF inputs, we determine
the Q

(

yW , pWT
)

correction with 45 CTEQ6.6 PDF sets,

perform the measurement with different Q
(

yW , pWT
)

,
and extract the uncertainty for each yW bin using the
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prescription described in Ref. [21]. Other systematic
uncertainties arise from the modeling of the pWT dis-
tribution and the final state radiation modeling ([0.1–
2.4] ×10−4), electron identification corrections ([0.1–
0.7]×10−3), electron energy modeling ([0.1–0.5]×10−3),
hadronic recoil modeling ([0.1–0.8]×10−3), background
modeling ([0.1–1.0]×10−3), MC modeling imperfections
([0.2–2.6]×10−3), electron charge misidentification ([0.1–
2.0]×10−3), and the relative efficiency for positrons and
electrons (K±

eff ) ([0.1–0.6]×10−3).
Figure 1 shows the measured values of the W bo-

son asymmetry together with the result from CDF [12].
The data are compared to MC@NLO prediction
with NNPDF2.3 [29] PDF set, next-to-leading or-
der (NLO) resbos prediction with photos [30] using
the CTEQ6.6 central PDF set, and MC@NLO using
MSTW2008NLO [31] central PDF set. In the predic-
tions, we require both the electron and neutrino trans-
verse momentum to be above 25 GeV and merge the
radiated photons into the electron if they fall within a
cone of radius ∆R =

√

(∆φ)2 + (∆η)2 < 0.3. There is
agreement between data and predictions, although the
predictions are systematically higher than the data by
∼ 1 standard deviation in all measurements for |yW | be-
tween 0.1 and 1. Values of the asymmetry in bins of
yW , average bin positions, and predictions are shown in
Table I. The experimental uncertainties are substantially
smaller than the uncertainties from theNNPDF2.3 PDF
sets in all yW bins, demonstrating the importance of this
analysis to improve PDFs. Table II lists the correlation
between central values in different yW bins that are in-
troduced by the ambiguity in pνz . The correlation coef-
ficients of systematic uncertainties between different yW
are negligible.

In summary, we have measured the W boson charge
asymmetry in pp̄ → W → eν events using data corre-
sponding to 9.7 fb−1 of integrated luminosity collected by
the D0 experiment at

√
s = 1.96 TeV. Using the neutrino

weighting method, the most precise direct measurement
of the W boson charge asymmetry to date is obtained.
With coverage extended to |ηe| = 3.2, this measurement
can be used to improve the precision and accuracy of
next-generation PDF sets, in particular it provides more
accuracy information for PDFs at high x, compared with
measurements of the lepton charge asymmetry, which is
crucial for many beyond SM searches.
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FIG. 1: Measured W boson charge asymmetry, after CP fold-
ing, compared to predictions and the CDF 1 fb−1 result. The
points show the measured asymmetry, with the horizontal
bars delineating the statistical uncertainty component and the
vertical lines showing the total uncertainty. The central value
and uncertainty from MC@NLO using NNPDF2.3 PDF sets
and the prediction from resbos using the CTEQ6.6 central
PDF set, MC@NLO using theMSTW2008NLO central PDF
set are also shown. The inset focuses on the yW region from
0 to 1.5. (color online).

TABLE I: CP-folded W charge asymmetry for data and pre-
dictions from MC@NLO using NNPDF2.3 PDFs tabulated
in percent (%) for each |yW | bin. The 〈|yW |〉 is calculated
as the cross section weighted average of yW in each bin from
resbos with photos. For data, the first uncertainty is sta-
tistical and the second is systematic. The uncertainties on
the prediction come from both the PDF uncertainties and αs

uncertainties.

Bin Index |yW | 〈|yW |〉 Data Prediction

1 0.0− 0.2 0.10 1.40± 0.17 ± 0.12 1.61± 0.19

2 0.2− 0.4 0.30 4.32± 0.18 ± 0.19 5.06± 0.33

3 0.4− 0.6 0.50 7.33± 0.19 ± 0.27 8.50± 0.41

4 0.6− 0.8 0.70 10.59 ± 0.20 ± 0.32 12.05 ± 0.53

5 0.8− 1.0 0.90 14.36 ± 0.21 ± 0.34 15.36 ± 0.66

6 1.0− 1.2 1.10 18.32 ± 0.22 ± 0.37 18.86 ± 0.74

7 1.2− 1.4 1.30 22.06 ± 0.24 ± 0.39 22.52 ± 0.80

8 1.4− 1.6 1.50 25.74 ± 0.27 ± 0.36 26.30 ± 0.85

9 1.6− 1.8 1.70 29.75 ± 0.31 ± 0.34 29.89 ± 0.92

10 1.8− 2.0 1.90 34.46 ± 0.35 ± 0.38 34.04 ± 1.08

11 2.0− 2.2 2.10 40.42 ± 0.40 ± 0.43 39.77 ± 1.31

12 2.2− 2.4 2.29 47.55 ± 0.44 ± 0.43 47.73 ± 1.62

13 2.4− 2.7 2.52 59.10 ± 0.46 ± 0.44 61.81 ± 1.74

14 2.7− 3.2 2.81 77.33 ± 0.93 ± 0.56 78.05 ± 4.36
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TABLE II: Correlation coefficients between central values of asymmetry in different |yW | bins.

|yW | bin 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 1.00 0.84 0.57 0.38 0.29 0.25 0.21 0.16 0.10 0.06 0.04 0.03 0.02 0.01

2 1.00 0.85 0.58 0.39 0.29 0.24 0.16 0.11 0.07 0.04 0.04 0.03 0.02

3 1.00 0.85 0.58 0.38 0.26 0.16 0.10 0.06 0.05 0.06 0.05 0.03

4 1.00 0.83 0.52 0.29 0.16 0.09 0.07 0.08 0.10 0.09 0.06

5 1.00 0.78 0.42 0.19 0.11 0.10 0.13 0.15 0.14 0.10

6 1.00 0.74 0.37 0.22 0.19 0.22 0.22 0.20 0.15

7 1.00 0.76 0.50 0.38 0.34 0.31 0.29 0.21

8 1.00 0.84 0.62 0.47 0.38 0.34 0.27

9 1.00 0.87 0.65 0.48 0.40 0.31

10 1.00 0.89 0.67 0.51 0.36

11 1.00 0.89 0.66 0.41

12 1.00 0.86 0.45

13 1.00 0.50

14 1.00
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TABLE III: Measured W charge asymmetry in different |yW | bins after CP-folding, with 45 cteq6.6 PDF sets as input.

PDF sets
|yW | bin

1 2 3 4 5 6 7 8 9 10 11 12 13 14

0 0.0141 0.0432 0.0733 0.1059 0.1436 0.1832 0.2206 0.2574 0.2974 0.3444 0.4039 0.4751 0.5904 0.7727

1 0.0142 0.0437 0.0742 0.1071 0.1449 0.1846 0.2221 0.2586 0.2982 0.3452 0.4049 0.4761 0.5912 0.7731

2 0.0139 0.0428 0.0725 0.1047 0.1423 0.1818 0.2191 0.2561 0.2965 0.3436 0.4029 0.4740 0.5896 0.7722

3 0.0140 0.0432 0.0731 0.1055 0.1431 0.1826 0.2200 0.2568 0.2970 0.3439 0.4031 0.4743 0.5898 0.7723

4 0.0141 0.0433 0.0736 0.1063 0.1442 0.1838 0.2213 0.2580 0.2978 0.3449 0.4046 0.4759 0.5910 0.7730

5 0.0141 0.0433 0.0734 0.1060 0.1438 0.1834 0.2208 0.2575 0.2975 0.3446 0.4040 0.4750 0.5902 0.7727

6 0.0140 0.0432 0.0732 0.1058 0.1435 0.1831 0.2204 0.2572 0.2973 0.3443 0.4038 0.4751 0.5905 0.7726

7 0.0142 0.0437 0.0742 0.1071 0.1449 0.1846 0.2221 0.2586 0.2982 0.3452 0.4047 0.4758 0.5909 0.7729

8 0.0139 0.0428 0.0724 0.1047 0.1423 0.1818 0.2191 0.2562 0.2966 0.3437 0.4031 0.4743 0.5900 0.7724

9 0.0142 0.0437 0.0742 0.1071 0.1450 0.1847 0.2222 0.2587 0.2983 0.3452 0.4048 0.4758 0.5906 0.7728

10 0.0139 0.0428 0.0724 0.1046 0.1421 0.1816 0.2188 0.2560 0.2964 0.3436 0.4029 0.4743 0.5902 0.7725

11 0.0140 0.0429 0.0727 0.1050 0.1428 0.1823 0.2196 0.2566 0.2968 0.3439 0.4031 0.4741 0.5894 0.7722

12 0.0142 0.0436 0.0740 0.1068 0.1446 0.1842 0.2216 0.2582 0.2980 0.3450 0.4046 0.4760 0.5914 0.7731

13 0.0140 0.0429 0.0727 0.1050 0.1427 0.1822 0.2195 0.2565 0.2968 0.3440 0.4035 0.4747 0.5903 0.7727

14 0.0142 0.0436 0.0740 0.1068 0.1446 0.1843 0.2217 0.2582 0.2980 0.3449 0.4043 0.4755 0.5905 0.7727

15 0.0141 0.0432 0.0733 0.1058 0.1435 0.1831 0.2205 0.2573 0.2973 0.3443 0.4038 0.4752 0.5906 0.7727

16 0.0141 0.0433 0.0734 0.1060 0.1438 0.1834 0.2208 0.2575 0.2975 0.3445 0.4039 0.4749 0.5898 0.7725

17 0.0137 0.0420 0.0711 0.1030 0.1407 0.1801 0.2175 0.2551 0.2959 0.3434 0.4031 0.4743 0.5899 0.7723

18 0.0144 0.0444 0.0754 0.1086 0.1464 0.1861 0.2235 0.2596 0.2988 0.3454 0.4046 0.4757 0.5910 0.7730

19 0.0140 0.0430 0.0726 0.1046 0.1421 0.1814 0.2185 0.2555 0.2959 0.3426 0.4010 0.4718 0.5879 0.7713

20 0.0141 0.0435 0.0740 0.1071 0.1452 0.1849 0.2226 0.2592 0.2988 0.3462 0.4066 0.4781 0.5928 0.7740

21 0.0142 0.0437 0.0741 0.1069 0.1447 0.1844 0.2218 0.2583 0.2979 0.3446 0.4034 0.4737 0.5879 0.7713

22 0.0140 0.0429 0.0727 0.1051 0.1429 0.1823 0.2197 0.2567 0.2969 0.3442 0.4042 0.4759 0.5921 0.7735

23 0.0141 0.0435 0.0739 0.1067 0.1446 0.1843 0.2218 0.2583 0.2980 0.3449 0.4043 0.4754 0.5903 0.7726

24 0.0140 0.0430 0.0729 0.1052 0.1429 0.1824 0.2197 0.2566 0.2969 0.3440 0.4034 0.4747 0.5905 0.7728

25 0.0140 0.0432 0.0733 0.1059 0.1437 0.1832 0.2206 0.2573 0.2973 0.3445 0.4042 0.4756 0.5915 0.7733

26 0.0141 0.0433 0.0733 0.1059 0.1437 0.1832 0.2207 0.2574 0.2974 0.3444 0.4036 0.4744 0.5891 0.7719

27 0.0142 0.0438 0.0743 0.1072 0.1450 0.1846 0.2221 0.2586 0.2983 0.3452 0.4049 0.4762 0.5914 0.7732

28 0.0139 0.0427 0.0724 0.1046 0.1424 0.1819 0.2192 0.2563 0.2966 0.3437 0.4029 0.4738 0.5892 0.7721

29 0.0142 0.0436 0.0740 0.1068 0.1446 0.1842 0.2216 0.2582 0.2979 0.3449 0.4045 0.4759 0.5912 0.7730

30 0.0139 0.0426 0.0721 0.1044 0.1422 0.1817 0.2191 0.2562 0.2966 0.3437 0.4029 0.4734 0.5847 0.7714

31 0.0140 0.0430 0.0730 0.1056 0.1435 0.1831 0.2206 0.2574 0.2974 0.3444 0.4035 0.4740 0.5882 0.7715

32 0.0142 0.0436 0.0738 0.1065 0.1441 0.1837 0.2210 0.2576 0.2975 0.3444 0.4038 0.4752 0.5911 0.7730

33 0.0144 0.0446 0.0758 0.1093 0.1474 0.1872 0.2247 0.2603 0.2992 0.3456 0.4043 0.4745 0.5884 0.7711

34 0.0136 0.0418 0.0706 0.1022 0.1397 0.1789 0.2163 0.2542 0.2955 0.3431 0.4031 0.4748 0.5912 0.7731

35 0.0138 0.0423 0.0717 0.1038 0.1415 0.1809 0.2183 0.2556 0.2962 0.3436 0.4032 0.4746 0.5902 0.7725

36 0.0142 0.0438 0.0744 0.1072 0.1450 0.1846 0.2220 0.2584 0.2981 0.3448 0.4040 0.4748 0.5891 0.7724

37 0.0141 0.0432 0.0733 0.1060 0.1438 0.1835 0.2209 0.2576 0.2976 0.3445 0.4038 0.4743 0.5885 0.7713

38 0.0140 0.0432 0.0732 0.1056 0.1433 0.1827 0.2201 0.2569 0.2971 0.3442 0.4038 0.4753 0.5912 0.7733

39 0.0141 0.0435 0.0738 0.1065 0.1444 0.1840 0.2214 0.2580 0.2978 0.3447 0.4042 0.4755 0.5910 0.7731

40 0.0139 0.0429 0.0726 0.1049 0.1426 0.1821 0.2194 0.2565 0.2968 0.3440 0.4033 0.4743 0.5892 0.7720

41 0.0140 0.0431 0.0730 0.1056 0.1434 0.1830 0.2205 0.2573 0.2973 0.3443 0.4036 0.4745 0.5895 0.7725

42 0.0141 0.0432 0.0733 0.1058 0.1435 0.1830 0.2203 0.2572 0.2973 0.3443 0.4038 0.4751 0.5903 0.7724

43 0.0141 0.0435 0.0737 0.1062 0.1439 0.1834 0.2207 0.2574 0.2973 0.3442 0.4034 0.4746 0.5901 0.7725

44 0.0139 0.0427 0.0723 0.1045 0.1422 0.1817 0.2190 0.2561 0.2965 0.3436 0.4029 0.4740 0.5895 0.7723


